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C H A P T E R - 1 
I N T R O D U C T I O N 
INTRODUCTION 
The yielding potential of newly evolved cultivars of 
crop plants may be exploited fully only by working out and 
providing a proper and balanced dose of the essential nutrient 
elements. However, a major portion of some of these nutrients, 
added in the form of commercial grade fertilisers, is made 
unavailable to the plants by various well known mechanisms 
operating in the soil, e.g. phosphorus is lost upto 70-805^  and 
nitrogen, 30-50^ (Russell, 1950, pp.36, 38 and 295). 
In view of this natural wastage and of the inability of 
our average farmer to apply in full the required high doses of 
fertilisers, various ingenious methods have been developed from 
time to time for economy of fertilisers. One of these has been 
adopted by our farmers to a largerextent, namely split application 
to the soil by top dressing. A less used but more e/ficacious 
technique is "foliar nutrition" where a part of the dose is 
applied directly to the foliage in the form of dilute solutions 
at appropriate stages of plant growth. 
However, researchers at Aligarh (Afridi, Samiullah, 
Ahmad.and their students) have approached fertiliser economy from 
a different angle. They argue that vitamin-treated seeds sown 
with sub-optimal fertiliser doses exhibit stimulated growth and 
enhanced proliferation of the root at seedling stage. Therefore, 
these plants have a better chance of establishing themselves as 
they are able to explore more soil specially in terms of nutrients 
and water. This is naturally reflected in increased shoot growth, 
i.e. more photosynthetic area followed by better grain yield, at 
harvesto It is believed that this simple approach will be more 
easily acceptable to our farmers as there is guarantee of high 
productivity coupled with fertiliser saving and at the same time 
the technique does not require any extra cost. The technique may 
be particularly applicable with advantage in rain-fed agriculture 
that forms the major sector of our farming activity. 
Thus, pre-treatment of grains of barley and seeds of 
legume with pyridoxine solution or foliar application of dilute 
pyridoxine solution (Ahmad, 1975; Afridi e^ a^., 1979; Ahmad et al.. 
1981, 1982 and 1986; Samiullah et al., 1985; Ansari, 1986) 
favourably affected their yield characteristics and grain yield. 
However, most of these earlier experiments were performed in the 
field with an agronomic rather than biochemical and physiomorpho-
logical bias, particularly with respect to germinating seed and to 
seedling as affected by the vitamin. 
The present studies will, therefore, be undertaken so as 
to elucidate these aspects. The test crop will be triticale as it 
is known to have poor germination in the field (inam e_t a:!.., 1982). 
1. The seeds (grains) will be subjected to chemical analysis 
before and after soaking in water or in varying concentrations of 
aqueous pyridoxine solution under aseptic and controlled conditions. 
2. Plants grown in sand culture from pre-soaked seeds will 
be studied, at selected intervals, for the pattern of early root 
« o • 
and shoot growth and these organs will be analysed chemically at 
each stage. 
3. In the last phase pyridoxine-treated seeds will be grown 
in sand culture to maturity and analysed for their net assimilation 
rate (NAR) and biological yields at harvest. 
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REVIEW OF LITERATURE 
2.1 Vitamins 
These are organic compounds required by plants in small 
amounts for normal growth. Their essentiality came into light 
first in animals and later on in plants. McCollura and Davis (1915) 
discovered that young rats require certain chemicals for their 
sustained, normal growth. These later categorised as fat-soluble 
(A, D, E and K) and water-soluble (B and C) vitamins (Osborne and 
Mendel, 1915). 
Vitamins are known to function as co-enzymes in the 
metabolism of both animals and plants. It is, therefore, 
reasonable to assume their essentiality in metabolism, which 
shows little variation in most plants. Strictly speaking the 
vitamin requirement illustrates a pattern of metabolism and not a 
certain growth mechanism (Aberg, 1961). Wagner and Folkers (1964) 
defined vitamin as "an organic compound of natural food, distinct 
from macromolecules, essential for normal growth in small 
concentration, but when absent from diet causes deficiency 
symptoms". The specific role of these vitamins in animal metabolism 
is well understood, however, it has yet to be explored in plants to 
a large extent. 
2.2 Vitamins of B-grpup 
The water-soluble fraction of vitamins of McCollum and 
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Davis (1915) and Osborne and Mendel (1915) was found to be a 
complex of related compounds. The vitamins isolated and identified 
from this complex were designated arbitrarily and named as B^  
(thiamine), B^ (riboflavin), B^, B^, B^ ,^ B^ (pyridoxine), By 
(vitamin I), Bg (adenylic acid), B,^ , B^Q, B^ ^  and B.2 (cyanocobal-
amine). Even though, these individual vitamins are now well known 
by their names, the term "vitamin B-complex" is still in vogue. 
Vitamins of this group have been claimed as the growth factois for 
higher plants from time to time, but most extensively studied 
among them are vitaminsB. and B^. Therefore, present review on 
chemical constitution and bio-chemical action of vitamins in higher 
plants will be restricted to above two vitamins only. 
2.2.1 Vitamin B^  (thiamine) 
Jansen and Donath (1926) for the first time isolated pute 
thiamine from rice polishings which was later on crystallised by 
Seidell and Smith (1933). Later, Williams (1936) determined its 
chemical structure and put forvjard the empirical formula 
"^12^18^^4^^^2"* '^^^ molecule consists of two units (a) pyrimidine 
(b) thiazole in addition to quaternary nitrogen. Both units are 
joined by a methylene bridge (Fig. la). With regard to its 
physical properties, it is fairly resistant to boiling and 
autoclaving in acid solutions of pH 3 or 5. Thiamine is so much 
water soluble that 1 g can be dissolved in 1 ml of water. Its 
biologically active form is thiamine pyrophosphate (Fig. 1b). 
Fig.1 
. u 
(a) Thiamine 
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(b) thiamine pyrophosphate 
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(d) Pyridoxal phosphate lei Pyridoxamine phospKatt 
Structural formulae of vitamins Bi and B5 
with those of the respective co-enzymes 
derived from them 
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2.2.2 Vitamin B^ 
A distinct entity of vitamin B^ was first reported in 
animals by Gyorgy (1934). However, after a few years, Keresztesy 
and Stevens (1938) and Kuhn and Wendt in 1938 extracted and 
crystallised it from rice polishings and yeast extract, respectively, 
Harris and Folker (1939); Harris ejt aJ,. (1939) and 
Stiller et, aO.. (1939) noted that pyridoxine (CgH^^03N) is a 
pyridine derivative, 2-methyl-3-hydroxy-4,5-di-(hydroxymethyl)-
pyridine, with the molecular structure as given in Fig. 2a. 
As free base, it is a colourless, crystalline powder with 
a slightly bitter taste. It melts at 160°C (Keresztesy and Stevens, 
1938) and is readily soluble in water, alcohol and acetone. It is 
feebly destroyed by oxidising agents as well as by irradiation with 
visible or ultraviolet light. It crystallises in the form of 
various salts, e.g. hydrochloride (the marketable form) which is a 
white heat stable powder melting at 204-206°C (Keresztesy and 
Stevens, 1938), In this form it is readily soluble in water and 
alcohol. Biologically active forms of pyridoxine are pyridoxal 
phosphate and pyridoxamine phosphate (Fig. 2d,e). 
2.3 B-vitamins in higher plants 
Higher plants are auxo-autotrophic in nature (Fries,1961) 
as they posses the ability to synthesise required amount of the 
vitamin (growth factor). Some of the vitamins of B-group have 
• 7 • 
extensively been studied for their synthesis and distribution in 
various parts of the plant under varied conditions. 
2.4 Seeds 
In dry cereal grains, e.g. wheat, corn, rye, barley and 
sorghum, thiamine contents as observed by Robert and Andrews 
(1941), followed similar pattern. However, the relative contents 
varied with the variety and the conditions under which the plants 
were grown. In general, there was an increase in vitamin content 
of seeds on hydration. As early as 1942, Burkholder and McVeigh 
analysed and compared the vitamin contents in dry and germinating 
seeds of ten cultivars, which included cereals and legumes and 
noted a significant increase in the contents of riboflavin, niacin, 
biotin and pyridoxine on germination. However, little or no change 
in thiamine content could be found. Green seedlings possessed more 
vitamins than dry seeds. In addition to the above vitamins, 
Burkholder (1943) also estimated nicotinic acid, pantothenic acid, 
folic acid and inositol in dormant and sprouted seeds of cereals. 
He observed a similar pattern in vitamin contents. However, in 
contrast to the above observation, the thiamine content in oats and 
barley increased by 6.19% and 32.35^, respectively, on germination 
of their seeds but in those of other plants it decreased as the 
seeds germinated. 
Burkholder and McVeigh (l945b) continued their work with 
Pisum sativum, Phaseolus aureus and seven varieties of Soja max 
(Glycine max) and found an increase in the content of most of the 
: 8 : 
vitamins on seed germination (as mentioned earlier). However, 
pyridoxine content decreased. This indicated an active role for 
these chemicals in plant metabolism. As regards thiamine,its 
value remained unchanged, indicating that either it is required in 
low amounts or synthesised afresh during germination. 
Cotyledons of the seeds of soybean are proposed to be 
richer source of vitamins than the hypocotyls (Kit Ngaan Tso Wai 
£t ad., 1947). The observations were further supported with the 
work of Tallarico (1950) who observed an increase in vitamin 
contents in the seeds of cereals and legumes on germination. 
2.5 Vegetative organs 
Bonner and Greene (1938) working with pea plants reached 
the conclusion that, in light, thiamine is synthesised in leaves 
and transported from there to the roots. Thiamine synthesis is 
photoactivated and possibly related with photosynthesis. These 
observations were partly supported by Robbins (1939).with the 
modification that the synthesising power is not limited to green 
plants but is also possessed by some fungi and yeasts, thus, 
eliminating the necessity of chlorophyll for its synthesis, 
Conner and Straub (1941) noted high thiamine and 
riboflavin contents in the grains of wheat and corn. The thiamine 
content in wheat was found to be under the influence of its genotype 
and the environmental conditions in which the plants were grown. 
However, riboflavin content did not show any such relationship. In 
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white corn they observed that thiamine content was higher than in 
yellow corn but riboflavin content was similar in both the strains. 
Bonner (1942) and Bonner and Dorland (l943b) observed 
that young leaves of tomato are rich in thiamine content. However, 
each successive lower leaf was found to contain a lower concentra-
tion. They also inferred that thiamine is exported both upwards 
and downwards through the phloem, from the site of its synthesis to 
the site of utilisation.. 
Burkholder and McVeigh (l945a) worked out the reserves 
of different vitamins in woody plant parts and noted that buds, 
leaves or shoots were a rich source of thiamine, riboflavin, 
pyridoxine, niacin, inositol, biotin and pantothenic acid. Out of 
these, pyridoxine was abundant in mature buds of poplar, forsythia, 
tulip and apple. Similar was the case with coniferous needles. 
Hoffer e_t aj.. (1946) made an interesting observation that 
total thiamine contents in wheat sprouts increased from 11% at day 
two to 68% at day eighteen. However, at the germ and brush end of 
the kernel it decreased from 1% to 2% and 14% to 7%,respectively, 
indicating vitamin translocation from kernel to the sprout. 
Gustafson (1947) noted an increase in thiamine and 
riboflavin contents in the tomato shoot as it aged, upto 5 months. 
Of these, the major part was confined to the young leaves and stem. 
On comparing the vitamin contents of the root with that of the 
shoot, he observed that the roots had a relatively lower thiamine 
concentration than the leaves and middle portion of the stem and 
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much less than the apical part of the stemo However, riboflavin 
content was not essentially different in the roots and the middle 
portion; but the apical part was much richer in the vitamin. A 
further decrease was observed in fruits whose vitamin contents were 
even less than in the mature leaves where most of them were 
localized in their blades. • 
Withner (1949) analysed the B-group vitamins in three 
varieties each of cucurbits and tomato at a series of developmental 
stages to get an idea of their correlation with plant growth. The 
vitamin contents from the shoot tip to the older leaves did not 
show any specific pattern. However, thiamine, pantothenic acid, 
inositol, choline, biotin and niacin were in maximum quantities in 
the shoot tip region. Turther, the contents of these vitamin did 
not show any correlation with either the nitrogen content of the 
plants or with their dry weight. 
Scharrer and Ruth (1954) studied the effect of different 
fertilisers, composed of variable proportions of N, P and K, on the 
synthesis of vitamin B^  in seeds of cereals and legumes. They 
concluded that well balanced fertiliser and its proper placement in 
the field is essential for the formation of this vitamin in plants. 
Begishvilic (1968), working with pea plants, observed the 
highest pyridoxine and pantothenic acid contents in root nodules, 
being 0o25% and 0o28?^ , respectively, but the contents were lowest in 
the leaves. On the other hand nicotinic acid concentration was 
highest in roots^i.e. 0o23%. 
: 11 : 
Ogunmondede and Oyenuga (1970) estimated and compared 
the relative concentrations of pyridoxine, pantothenic acid, biotin 
and folic acid in thirty Nigerian cowpea cultivars. They reported a 
significant variation in the vitamin contents of these cultivars. 
Rao and Sastry (1972) studied the distribution of 
thiamine and pyridoxine in groundnut seedlings. They noted that 
epicotyl and root had a higher content of these vitamins than the 
hypocotyl whereas the cotyledons exhibited the lowest values. In 
addition to this, they reported a positive correlation between 
vitamin and chlorophyll synthesis, 
2.6 B-vitamins as plant hormones -
The incorporation in the culture media of certain organic 
substances besides sugars and minerals for better growth of organs 
and tissues was realised as early as 1912 when Twort and Ingram 
gave them the name "growth factor". Later, Bonner (1937) termed 
them "accessory factors", which included all those organic compounds 
required in very minute quantities for proper growth and development 
of the organism. These factors were proposed to be synthesised at 
localised places in the body and to be transported from there to the 
site of their action (Bonner, 1942; Hoffer e_t al_,, 1946), 
The actual mode of action of vitamins is virtually not 
well understood at all. However, they may sometimes enter into 
enzyme system as prosthetic group in controlling metabolism 
: 12 : 
(Bonner and Bonner, 1948; Burstrom, 1961). This action holds true 
for the vitamins of B-group occurring as hormones in higher plants 
(Fries, 1961), but, niver the less, these are customarily called 
as vitamins (Burstr6m, 1961 ). 
2.7 Application of vitamins in physiological research 
The vitamins, particularly of B-group, have extensively 
been used to study their possible role in plant growth by their 
exogenous application under in-vitro and in-vivo conditions. 
2.7,1 Tissue culture 
Bonner (1937) observed that 3 to 4 mm long isolated roots 
of pea seedlings possessed sufficient "growth factor" to support 
their growth at initial stages. However, it decreased in cultures 
with time to a level where an exogenous application of yeast 
extract to the media became necessary which could, however, be 
replaced by crystalline vitamin B^  (0,02 jjg ml" ). He, therefore, 
inferred that yeast extract might have been a rich source of the 
vitamin in these cultures. Bonner and Addicott (1937) later noted 
that vitamin B^  alone was not able to support the continued optimal 
growth of excised pea roots in successive passages. However, 
vitamin B^, in association with a mixture of pure, crystalline 
amino acids, sugars and inorganic salts, not only completely 
replaced yeast extract but surpassed all other growth rates noted 
earlier. Further, they proposed that vitamin B^  be considered a 
plant hormone. 
: 13 : 
This was further supported by Robbins and Hartley (1937) 
who observed better growth and development of excised pea roots in 
a medium supplemented with minerals, salts, carbohydrates and 
vitamin B.. 
White (1937a,b) also emphasised the importance of the 
yeast extract factor and "accessory" salts for optimal grov/th of 
excised tomato roots. Jt was further noted that this growth 
factor in the yeast extract was soluble in water or 80% ethyl 
alcohol. Alcohol extract contained two fractions (i) insoluble 
part, rich in amino acids (ii) soluble part, a source of vitamin B^. 
Bonner (1938) undertook chemical analysis of tomato root 
tips and reported that they contained a considerable amount of 
thiamine reserves to maintain normal growth at initial stages. In 
addition to this, the growth of isolated pea roots was comparable 
when cultured in a medium supplemented with either thiamine or its 
two components, i.e. thiazole and pyrimidineo 
Bonner and Devirian (1939) could get indefinite cultures 
with high growth rate, if isolated roots of pea and radish were 
grown in a basic nutrient medium incorporating vitamin B. and 
nicotinic acid. However, other vitamins and certain amino acids 
together with vitamin B. and nicotinic acid did not enhance the 
growth rate further. 
Addicott (1939) speculated the physiological role played 
by vitamin B^  in isolated pea root culture. He pointed out that 
root growth is normally characterised with cell division, elongation. 
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differentiation and maturation. Cell division was proposed to be 
directly affected by the presence or absence of the vitamin whereas 
other aspects were under the control of auxins. y\ddicott and 
Devirian (1939) further emphasised the indispensability of vitamin 
B. present in the yeast extract as it together with salts and 
sugars can support growth of excised roots indefinitely. 
Robbins and Schmidt (1939a,b) observed a marked increase 
in the growth of excised tomato roots grown in a mineral-carbohydrate 
medium with added crystalline thiamine and pyridoxine. They further 
noted that the tomato strain under study was able to synthesise 
vitamin B^ in amounts sufficient to permit slow growth but was not 
adequate for their rapid growth, whereas, thiamine was the limiting 
factor at early stages. 
In contrast to the above observations, White ('1940), 
working with two strains of excised tomato roots, noted no response 
to either pyridoxine, pyridine or nicotinic acid added to a 
standard medium rich in vitamin B^. 
Bonner (1940) noted varied response of the roots of 
alfalfa, clover, Datura, carrot, flax and sunflower to the added 
vitamin B., B^ and/or nicotinic acid. Vitamin B^  was invariably 
required by the roots of all the genera, nicotinic acid by alfalfa, 
clover and cotton, B^ by carrot and both vitamins by Datura and 
tomato for luxuriant growth of the roots. On the other extreme, 
flax and clover were able to grow slowly even in the absence of all 
B-vitamins, indicating their power of synthesis of the vitamins. 
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Addicott (1941) observed visual deficiency symptoms of 
vitamin B. and nicotinic acid in excised pea root cultures. A 
deficiency of either of them resulted in a decrease in growth rate 
followed by a reduction in the length of the meristera and total 
root length at maturity. Growth rate declined more rapidly under 
B. deficiency than under that of nicotinic acid. In addition to 
this, nicotinic acid also caused thinness in roots accompanied by 
a reduction in cell diameter and the number of columns of the cell 
in roots at deficient level. Roots grown in B^  deficiency also 
developed irregular thickenings. 
Dorthy (1941) successfully cultured excised tomato roots 
in a nutrient medium containing 1.0^ sucrose, Qo% purified agar 
and thiamine, pyridoxine, nicotinamide, neopeptone, glutamic acid 
and glycine in various combinations. He noted the irreplacibility 
of vitamin B^ by any of the amino acid tested. 
Robbins (1942) also noted high degree of specificity of 
pyridoxine for the growth of excised tomato roots in the presence 
of thiamine. Out of twelve analogues of pyridoxine tested, nine 
lost the power of activation whereas, acetylation and substitution 
of an ethyl for the methyl group in the second position on the 
pyridine ring did not affect its beneficial action on root growth. 
Dorthy (1943), in continuation of his earlier studies, 
cultured tomato roots in a modified Pfeffer's solution containing 
1% sucrose, 0,5% agar and various combinations of thiamine, 
pyridoxine, nicotinamide, neopeptone, glutamic acid and glycine. 
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The cultures in petri dishes were incubated in dark at 25°C and 
grown for 57 or more passages. The absence of these vitamins 
resulted in root growth at the most for two passages. The addition 
of thiamine increased the growth rate to 1.77 mm day in an 
unlimited number of passages. Pyridoxine, in addition to thiamine, 
further increased it to 5.2 mm day and the root developed 
characteristic hooks and curls. Addition of nicotinamide and 
glutamic acid had no appreciable effect. However, neopeptone 
decreased the growth rate. 
Almestrand (1950) cultured excised roots of wheat, oats 
and barley in a solution medium with added pyridoxine, thiamine 
and niacin to compare growth response at different temperatures. 
Maximum response at 27°C to 28°C was observed in wheat. He, 
therefore, concluded that there is a varied requirement of vitamins 
for root growth of different genera. He later extended this work 
taking more strains of these cereals (Almestrand, 1951). He not 
only observed differences among the root growth rates of various 
strains but also noted that differences stood within the same 
strain, when cultured with different combinations of the vitamins. 
Lee and Whaley (1953) grew excised tomato rgots in a 
medium with or without thiamine, niacin and pyridoxine singly and 
in different combinations with the goal to establish the inter-
relationships and balances in root metabolism at various intervals. 
They noted that, in general, the growth in all the cultures was 
comparable in the first week. In the second and third weeks root 
growth was significantly stimulated in a medium containing. 
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thiamine alone or a combination of any two or all three of these 
vitamins. The best response was observed in a medium incorporating 
all the three vitamins. However, after the third week, growth in 
all the cultures, including those supplemented with all vitamins, 
was markedly reduced. They concluded that the best stage in their 
study for recording the investigations was second or third week. 
Boll (1954), working with excised tomato roots, noted 
optimal grov\fth response in a medium containing thiamine, pyridoxine 
and niacin. However, the cultures could be maintained with the 
exclusion of niacin in the medium. He further noted the order of 
activity of pyridoxine and its derivatives as follows: Pyridoxal^ 
Pyridoxine y Pyridoxamine. Pyridoxine could also be replaced by 
glycine, more so in the presence of niacin than in its absence. 
Niacinamide completely* replaced niacin and at the same time was 
more active. Although glycine induced lateral root formation, its 
morphogenetic effects were similar to those of pyridoxine. Thus, 
it was argued that morphological differentiation and development of 
roots was under the regulation of proper balance of the growth 
factors, (vitamins) supplied to the culture medium. 
Fujiwara and Ojima (1954) cultured excised roots of rice 
and wheat in liquid medium with added thiamine, pyridoxine or 
nicotinic acid. In general, root growth was accelerated by the 
addition of either thiamine or pyridoxine, whereas wheat roots in 
particular showed a marked response to pyridoxine. 
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Mihaly (1969) cultured excised tissues of the tobacco 
plant in a solution supplemented with thiamine in various 
concentrations. He observed that, at higher concentrations, 
thiamine was not fully utilised by the tissues, but growth was 
promoted. It was, therefore, inferred that tissues needed more 
thiamine at early stages of growth. However, at later stages, they 
either achieved self-sufficiency or did not require thiamine. It 
was also observed that addition of kinetin to such a culture 
medium proved inhibitory for the uptake of thiamine; but this 
effect could be nullified by the incorporation of lAA. Therefore, 
it was recommended that, for the proper growth of excised tissues 
in culture medium, thiamine may be incorporated together with lAA 
and kinetin. 
Kozhin and Kravtsov (1973) excised apple and pear embryos 
at 60 and 90 days after flowering and at seed maturity. These 
embryos were cultured in "Smirnose's" medium incorporating varying 
concentrations of pyridoxine ranging from 0,001 to 10.0 mg 1 . 
They noted a higher rate of germination, differentiation- and 
chlorophyll accumulation in the seedlings. The response to 
pyridoxine was more pronounced in the embryos removed from unripe 
than from ripe seeds. 
Ohira et_ al,. (1976) studied the thiamine requirement of 
cells of several plant species in suspension culture to relate it 
with differentiation. The critical level of thiamine in soybean, 
tobacco and rice cells was noted to lie around 0.6, 0o5 and 0.2 
^g g respectively on dry weight basis. The sub-culture of these 
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cells in a thiamine deficient medium led to rapid and complete 
cessation of growth. However, soybean cells could be grown 
satisfactorily in a medium supplemented with equimolar quantities 
of pyrimidine and thiazole which are thiamine precursors. On the 
other hand, on an average, Ruta and peanut cells could be sub-cultured 
successfully for 10 passages in the absence of exogenously applied 
'•' -1 
thiamine. Ruta cells had more thiamine reserves in light 3,5 jug g 
than in dark (0.5-0,6 >ag q" ). It indicated that Ruta cells were 
able to synthesise the required amount of thiamine, 
Marino (1983) cultured buds from dormant shoots of v;oody 
plants in a modified Murashige and Skoog's medium with or without 
pyridoxine hydrochloride (50 mg 1~ ). The vitamin significantly 
increased the growth rate of these buds. This observation, 
therefore, suggested the inability of these tissues to synthesise 
the said vitamin. 
2.7o2 Pot culture 
The other useful technique adopted to study the necessity 
of the vitamin for higher green plants was their addition, with the 
nutrient solution, to intact plants or their organs grown in pots. 
Bonner and Greene (1939) provided vitamin B^  (O.OI mg 1 ) 
to the plants of Cosmos, Poa, Brassica, tomato and Pisum grown with 
nutrient solution in sand culture. The rate of dry matter accumul-
ation and the leaf vitamin content increased in most of these 
treated plants and the effect was lasting rather than temporary. On 
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the other hand, tomato and Pisum did not respond to the addition 
of the vitamin and their leaves,were noted to possess at least 
3 and 2 times as much vitamin,respectively as the leaves of the 
other (responsive) plants. Therefore, they suggested that leaf 
vitamin contents might be used as a diagnostic feature of a crop 
for estimating its vitamin requirement, 
Arnon (1940) supplied 0,01 or 0,05 mg 1" of vitamin B^  
and its autoclaved form, with culture solution, to the plants of 
tomato, Lactuca, Cosmos, mustard and cocklebur. To his surprise, 
he did not observe any increase in shoot and root dry weight. 
Therefore, he conclued that green leaves synthesise the vitamin in 
light so that it could not be a limiting factor for growth of any 
of the species under investigation. Similar observations were 
made by Hamner (1940) in experiments where vitamin B^  was added 
once, twice or thrice a week to a number of flowering plants in 
sand culture. Neither visible difference nor increased dry matter 
production was detected in treated and control plants in short or 
long days with low or high nitrogen nutrition. At the same time, 
the effect on flowering was also not favourable. 
Hitchcock and Zimmerman (1941) also could not observe 
any promotive effect of vitamin B^  on shoot or root growth in 
potted aster plants in June and July. However, in February and 
March, weekly addition of the vitamin with the culture solution 
produced plants with higher dry weight. They also noted that IBA 
treated cuttings were also capable of meeting their vitamin 
requirements, precluding further addition of the vitamin. 
: 21 : 
Minnum (1941a,b) made several attempts to show the 
response of vegetable plants to the applied vitamins. In one such 
attempt, (Minnum, 1941a), he took Vita Flor (a commercial compound) 
as a source of vitamin B^ Bp and B^. He gave indole butyric acid 
treatment to the roots of the plants under consideration, prior to 
the application of the vitamin solution. In another attempt 
(Minnum, 1941b) on cauliflower and radish, he supplied crystalline 
vitamin B^, B2 and B^ together with Hoagland's complete nutrient 
solution to the plants in a sand culture experiment. In all such 
attempts he failed to observe any response of the tested plants 
to the applied vitamins. 
Murneek (1941) noted varied but siynificant effect of 
vitamin B., added with water at concentration of 0.025 to 5.0 mg 
gallon" , on dry matter production in cosmos, dill and ornamental 
pepper grown in soil culture. He noted that root development was 
influenced most. 
Templeman and Pollard (1941), on the other hand, failed 
to observe any effect of vitamin B. and nicotinic acid added with 
nutrient solution to tomato and oats in sand culture. They, 
therefore, proposed that these organic substances, although 
essential for plants, are synthesised in sufficient quantities to 
render their exogenous application superfluous. 
Clark (1942) supplied vitamin B^  with solution at a 
concentration of 0.01 ppm to Brassica grown in pure quartz sand 
or soil and to Agrostis grown in soil culture. He did not find 
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any significant difference between the grov;th of the control and 
treated plants. Similarly, Minarik (1942) also could not observe 
any effect of thiamine treatment on lodging, tillering, grain and 
straw yield and grain colour in rice. Therefore, he proposed to 
place rice in the group of plants which synthesise this vitamin 
in required amounts. Gisiger (1944) also reached the same 
conclusion when he added vitamin B. to maize, wheat, sunflower, 
flax and bean plants grown in pots. 
Fries (1955a,b) cultured decotylised pea seedlings in a 
nutrient rich medium with added argenine, glycine and adenine. He 
observed that the thiamine and pyridoxine were the chief limiting 
factors not only in dark but also in light. Therefore, to have a 
normal growth rate of the main root 10 ^ig 1 of thiamine and 
-1 
100 jug 1 of pyridoxine were needed. A similar beneficial effect 
of vitamin B. and B^ added to the soil in pot culture was observed 
by Barbieri (1959). He reported an increase in plant weight, leaf 
number, fresh and dry weight in the treated plants, the response 
being more in beet than in peas and broad bean. Vergnano (1959) 
—1 
supplied vitamins B^  and B^ (0,01 mg 1~ ) with nutrient solution 
in sand culture to the cuttings of Colutia arborescens, Hedera helix 
and Rosa sp. Except Colutia sp. the other plants exhibited very 
high rooting percentage with the added vitamins. The treated 
cuttings of Rosa later possessed more buds and leaf blades than the 
control. 
Galzy (1969) pointed out the need of vitamins of the 
B-group for the growth of Vitis rupestris stem cuttings grown in 
: 23 : 
nutrient medium. He also took into consideration the temperature 
of the medium and suggested that at 20 C root growth was improved 
by B-group vitamins, whereas at 35 C they proved essential for the 
growth of both roots as well shoots. 
Dimitrova-Russeva and Lilova (1969) grew Mentha piperita 
plants in sand and soil with thiamine, pyridoxine or nicotinic acid 
added through nutrient solution. The vitamins stimulated the 
uptake of N and P. Single application of nicotinic acid and two 
applications of the other two vitamins were most effective in 
stimulating the removal of phosphorus by the plants. Nicotinic acid 
and thiamine also increased the yield of essential oils, whereas 
pyridoxine reduced it. 
Zavenyagina and Bukin (1969) applied chemical antagonists 
of pyridoxine, with nutrient solution, to germinating seeds and 
young seedlings of wheat and pea. They observed reduced rate of 
germination and suppressed root and shoot growth. The response' 
varied with the compound, its rate of application and plant species. 
Deficiency symptoms of vitamin B^, i^e, avitaminosis (chlorosis and 
suppressed growth) were partly or completely eliminated by the 
addition of pyridoxine to the culture medium. 
Peichl and Trojan (1975) dipped the cuttings of 
Medicago sativa for 24 h in all possible combinations of 0, 25, 50, 
75, 100 or 250 ppm lAA and 0, 25, 50, 75 or 100 ppm thiamine 
concentrations and rooted in solution culture. They noted highest 
rooting with 75 ppm lAA + thiamine. 
: 24 : 
Pandev (1979) noted an increase in the uptake of total 
nitrogen with an increase in its levels in sand culture. However, 
he did not find any significant response regarding the pattern of 
N-uptake in wheat. Application of vitamin B^  and lAA at flowering 
(a period of reduced N-uptake) increased the uptake of nitrogen, 
dry matter and grain yield production. A similar favourable effect 
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of B-vitamins (20 mg l" ) on the absorption of calcium, sodium, 
potassium and phosphorus by Vigna radiata seedlings was observed by 
Rao and Reddy (1985). Pyridoxine, pantothenic acid and nicotinic 
acid exhibited profound effect on potassium and phosphorus 
absorption whereas thiamine, riboflavin and biotin were less 
effective. 
2.7o3 Seed treatment 
The seed is normally equipped with all physiological 
devices and is well provided with food, vitamin and hormone 
reserves, which sustain the normally self-sufficient embryo until 
it becomes an autotrophic plant. However, in some of the newly 
evolved high yielding varieties of crop plants, hormones and 
vitamin content is either not sufficient or is partly lost during 
storage. Therefore, the full genetic potential is probably not 
achieved in terms of germination and growth unless exogenous growth 
factors (vitamins and hormones) are provided, either in the form of 
pre-sowing seed treatment or by spray on the emerging seedlings. 
Noggle and Wynd (1943) noted that thiamines^ or ascorbic 
acid (C) failed to stimulate the germination and subsequent growth 
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of orchid seeds in an artificial purified maltose medium. 
Riboflavin (B2) or pyridoxine (B^) on the other hand slightly 
enhanced the germination percentage but failed to over come slow 
growth of the seedlings. However, nicotinic acid (PP) not only 
stimulated seed germination but the growth of the resulting seedlings 
was also excellent. Similar ineffectivity of vitamin B^  on the seed 
germination of Cattleya (orchid) in Knop's solution was reported by 
Mariat (1944), however, it stimulated further grovi^ th of the seedlings. 
At the 3 months stage, about 42?^  of the treated seedlings produced 
leaves against 2% in untreated controlo 
lijima (1952) analysed vitamin B^  reserves in fresh and 
old seeds of kidney bean, maize and radish. He noted that both free 
and ester forms of the vitamin in the seeds decreased with storage 
time. The vitamin contents in cotyledons, plumule and radicle of 
the seeds, decreased as germination progressed in dark; but 
increased rapidly on exposure to light. Vitamin B. changed from 
free type to the ester type at the subsequent stages of germination 
and it was the latter form in which it appeared in the light. He 
further, reported that the soaking of these seeds in varying 
concentrations of vitamin B^  ranging from 10" to 10" ppm for 24 h 
increased re^ spiration rate, per cent germination (specially of older 
seeds) and accelerated growth of plumule and radicle at early growth 
stages over water soaked control. The vitamin B. content in 
cotyledons developed from the seeds treated with B^  at a concentra-
tion of 0,05 ppm increased by 150-180^. 
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Kjelvik (1965) noted an increase in the yield of radish, 
cucumber and lettuce grown from nicotinic acid treated seeds. 
Similarly, seed treatment with vitamin B^  and B2 in rice also 
resulted in higher rate of seedling emergence and 9% increase in 
seed yield (Aizikovick, 1967). 
Gutmanis (1967) reported an increase in pea yield by 14% 
and 15%, grown from pre-soaked seeds in Oo1% vitamin C or 0,01% B^, 
respectively. Further, seed treatment with nicotinic acid (PP), 
vitamin C or B^  increased the sugar and vitamin C contents of the 
crop, the respective values being 40% and 12%. 
Serebryakova (1971) soaked Rosa cinnamomea seeds in either 
0«,01% nicotinic acid (pp) or 0o02% vitamin B^  and noted that 
germination advanced by 3-4 days compared to the water soaked 
control. Seed treatment with vitamin B^, B2, PP or C also stimulated 
growth rate and ascorbic acid synthesis in the plants, Sinkovics 
(1974) treated the seecfeof two Capsicum cvs. with B-group vitamins 
and reached a similar conclusion. Moreover, the quality of the crop 
was also improved. 
Kulieva e_t aJ,. (1976) treated either the seeds or plants 
of melon and v/ater melon with thiamine, cyanocobalamine, nicotinic 
acid, pyridoxine or ascorbic acid at concentrations ranging from 
0,01 to 0,0001%. The plants were allowed to grow for 45 days at 
which root and shoot characters studied. The maximum response was 
noted when either the seeds were treated with 0,001% thiamine, 
0,0001% cyanocobalamine or 0.0001% nicotinic acid or the plants 
sprayed with 0o0001% cyanocobalamine or Oo01% ascorbic acid. 
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Reda et_ ^ . (1977) soaked the seeds of Ammi vis nag a for 
48 h, in 50 mg 1 of thiamine before sowing or applied it to the 
leaves of the plant at the same concentration. The treatment 
promoted the growth of root, stem, leaf, umbels and fruits. At the 
same time, the content of fruit chromones was also high. However, 
ascorbic acid (50 or 100 mg 1" ) was effective only when applied 
through seed soaking, 
Serebryakova and Kalanova (1977) observed that pre-sowing 
treatment of the seeds of Rosa cinnamomea with vitamin B* , 
nicotinic acid, PP, B2 or (C) not only increased per cent germina-
tion by 43, 51> 30 or 30, respectively but the resulting plants 
were also more vigorous as compared to controlo The ascorbic acid 
content of young seedlings was increased by B2 and PP, the 
respective values being bO% and 25%. 
Afridi et al. (1979) soaked barley grains in OoO, O0I, 
0o3 or 0o5% pyridoxine solution for 24 h. These treated seeds were 
allowed to grow to maturity in sand culture. The resulting plants 
were analysed for root and shoot growth characteristics, their 
per cent carbohydrate and protein contents at 50 days stage and 
yield characteristics and grain quality at harvest. They noted that 
the treatment was significantly beneficial for most of the characters 
studied, with the two higher concentrations of the vitamin proving 
optimum. They later, extended their work to the field, taking more 
barley varieties (Ahmad e_t al.., 1981), The seeds were soaked in 
OoO, 0,02, O0I or Oo^ pyridoxine solution, for 24 h prior to 
sowing. They noted a significant effect of the treatment on most 
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of the growth characteristics studied at tillering, heading or 
milky grain stages, Pre-treatment with Oo1/^  solution proved 
optimum. 
Khan and Ansari (1984) soaked Phaseolus radiatus seeds 
in pyridoxine solution ranging from 0 to 0o3% for 10 h. These 
soaked seeds were grown in sand culture with varied quantities of 
phosphorus (O to 60 ppm). Growth characteristics of both root and 
shoot of 10 days old seedling were favourably affected by the 
treatment, 0^^%, being the best for most of the parameters. 
Afridi et al. (1985) noted significant effect of pre-
sowing treatment of Vigna radiata seeds by soaking for 12 h in 0,0, 
0,1, 0o2, 0o3 or 0,5% pyridoxine solution. Leaf nitrogen content 
of the field-grown plants at 20, 30, 40 and 50 days stages and 
yield and protein content of seeds at harvest showed maximum 
response to Oo39^ , In a similar trial, Ansari and KhaTi (1985) 
soaked the seeds of the same crop in graded pyridoxine solution for 
4 h. The resulting plants were significantly affected in terms of 
their leaf number, plant height, NAR activity at 30, 40 and 50 days 
stage, shoot length, dry weight and yield characteristics at 
harvest, 0o3?^  proved optimum for most of the characters studied. 
They also observed significant positive correlations of (a) seed 
yield with fresh weight (at 30, 40 days), dry weight, leaf number 
and NAR (at 30/40 and 50 days) and plant length (at 30, 50 days), 
(b) seed protein content with fresh and dry weight and NAR (at 40, 
50 days) and plant length (at 30, 40 and 50 days),, However, pod 
number and length and seeds per pod were correlated with yield only. 
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They, therefore, concluded that before harvesting the crop, if the 
protein and nitrogen contents of the plant were estimated at early 
stages of the growth, they might provide a clue to the expected 
total seed yield. Thus, corrective measures may be taken to 
enhance the productivity of the cropo 
Khan and Zaidi (1985) in a simple randomised field trial 
with Brassica juncea studied the effect of pre-sowing seed 
treatment with OoO, 0o05, 0,1 or 0o2% pyridoxine solution for 4 h. 
The treatment significantly affected most of the growth and yield 
parameters studied, with 0.05^ proving optimum. It gave 13.8% and 
16,7519 increase in seed and oil yield, respectively over the water-
soaked control. 
2.7.4 Foliar application 
The technique of foliar fertilisation was originally used 
to cure the micronutrient deficiencies in fruit trees. However, it 
has become a common economical practice now a days to apply even 
macronutrient to the leaves as they are readily absorbed and 
metabolised there (Bould, 1963; Afridi and Wasiuddin, 1979 and 
Devlin, 1981). The leaves are also the seat for the synthesis of 
all the vitamins required by the plants. It is, therefore, logical 
to expect that exogenous application of dilute solution of water 
soluble vitamins, especially of the B-group, would lead to better 
growth and productivity rather than applied through the seeds or 
roots. 
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lijima (1955, 1956a,b and 1957a,b) studied the effect of 
leaf-applied thiamine to varied crops and made the following 
observations. In sweet potato, the treatment was more effective 
in the first half of the growth season, increasing the length, 
weight of stem and leaves and number of storage roots. Optimal 
response was observed with the application of 1 ppm thiamine at 
10 days intervale Leaves and roots of sweet potato and kidney bean 
respired at a higher rate even when applied with moderate concentra-
tion of the vitamin, i.e. 1 or 100 ppm, indicating promotive effect 
on carbohydrate breakdown. The carbohydrate contents and carbon/ 
nitrogen ratio in stem, leaves and roots of Master piece bean and 
sweet potato increased. This led him to conclude that the treatment 
promoted root development and flower differentiation by shortening 
the growth period. The treatment v;as also found to increase the 
rate of photosynthesis in kidney bean and cabbage.. He also studied 
the stability of the vitamin applied to leaves. Thiamine mixed 
with acidic chemicals, e.g. urea, was more effective and stable 
than with alkaline chemicals. 
Boukin (1958) noted better growth of bean, tobacco, 
tomato and mulberry plants supplied vath 0o001% solution of 
thiamine or nicotinic acid through leaves. The same treatment also 
increased root yield in carrot by 50^. 
Langridge and Brock (1961) studied a tomato mutant which 
possessed normal-sized chloroplasts but lacked chlorophyll. The 
leaves of the mutant were supplied with either '2% thiamine or 
pyrimidine (2-methyl-6-amino-5-amino methyl pyrimidine) with or 
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without thiazole (4-methyl-5-p-hydroxyethyl thiazole) per week. 
It showed normalcy in leaves, flowering and seed production in 
response to thiamine or pyrimidine alone within a week. Therefore, 
they concluded that thiazole synthesis and its coupling reactions 
were impared by the mutant, 
Kudrev and Pavlov (1965) obtained poor grain yield in 
wheat if the plants were flooded at tillering, shooting or heading 
stages of growth. However, foliar application of dilute pyridoxine 
solution improved grain production of such plants. This favourable 
response of the plants was assigned by them to the normalisation of 
their nitrogen metabolism. Further, Kudrev and Pandev (1967) noted 
an increase in nitrogen uptake by wheat plants sprayed, with 
thiamine or pyridoxine solutiono 
Artamonov (1966) studied the antagonistic effects of 
gibberellic acid and vitamin B2 applied to the leaves of sugar 
beet, Gibberellin (20 mg 1" ) inhibited chlorophyll synthesis and 
accelerated its decomposition, probably due to decreased protein , 
content, however, in association with vitamin B2 it did not show 
these ill effects. 
Mileva (1969) applied 0,01?^  solution of vitamins B and C 
or nicotinic acid twice to the leaves of cotton at flowering and 
boll formation stages in addition to seed treatment. The treatment 
increased leaf catalase activity and dry matter production; but 
there was no effect on cell sap concentration and pigment contents. 
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Radzevicius and Bluzmanas (1975) observed 48-52^ increase 
in the adsorbing surface of tomato roots by increasing their growth 
rate in a water culture experiment in which thiamine and nicotinic 
acid were incorporated. They further noted that the plants grown 
in the field from seeds pre-treated with thiamine or nicotinic acid 
through soaking had more chlorophyll and vitamin contents and also 
yielded 23-30?^  more than the control plants. 
Ansari ^ t ^ . (1985) applied 0o025, 0.05 or 0.2% 
pyridoxine solution to the leaves of Vigna radiata at pre-flowering 
(35 days) or post-flowering (45 days) stage in the field. The 
treatment significantly enhanced leaf nitrate reductase activity 
(NRA) at 45, 55 days after sowing. At harvest, seed yield 
increased by 21% and 23% and seed protein content by 3% and 2.5% 
in'plants sprayed at 35 days and 45 days, respectively. They, 
therefore, concluded that leaf NRA level could be used to predict 
seed yield and quality as NRA at early growth stages was found to 
be significantly correlated with seed yield and protein content. 
2.8 Conclusions 
The review of available literature presented above 
reveals that not much work has been done on vitamins with regard to 
growth and development of whole plant ; although their role in 
tissue and organ culture has been fully established. Similarly, 
meagre information is available on seed treatment with vitamins. 
Moreover, their effect on the processes leading to seed germination 
and growth pattern of higher plants also requires further research. 
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Therefore, it is considered desirable to undertake detailed studies 
on the germination, growth and biological yield as influenced by 
seed treatment with some vitamins. To start with the effect of 
pre-sowing seed treatment with graded levels of pyridoxine solution 
on the possible mechanism of germination, growth pattern, yielding 
ability and grain quality of triticale will be undertaken as 
explained in chapter 1 (po2). 
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PROPOSED STUDY 
The studies are proposed to be conducted on two new 
triticale cultivars, namely Tigre 'S' and Muskox 'S'. In all, 
four experiments are proposed to be undertaken. These are expected' 
to throw light on various aspects of the problem. For example,in 
Experiment 1, the native pyridoxine, protein and carbohydrate 
content of untreated seeds of the two cultivars will be estimated. 
In addition, the effect of seed soaking in graded pyridoxine 
solution on their biochemistry vdll be determined in vitro and the 
most appropriate period required for soaking established. 
Experiment 2 will be of short duration (15 days) and will be 
performed in sand culture to determine the effect of pre-sowing 
seed treatment on the biochemistry of the emerging seedlings at 
48 h intervals. 
Experiment 3 will also be of short duration (30 days) 
and is expected to present a picture of these biochemical aspects 
at 5 days intervals between days 15 and 30 after sowing in sand 
culture. The last sand culture experiment will be undertaken to 
study the effect of the same treatment of seeds on growth 
parameters at selected stages and on yield characteristics at 
harvest. 
The details of the materials and methods to be used are 
given in the following pages. 
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3.1 Seeds 
The seeds (grains) of the two cultivars of triticale were 
obtained from CIMMYT, Mexico and multiplied at Aligarh. The seeds 
will be surface sterilised with Oo01% mercuric chloride and rinsed 
thrice with double distilled water. 
3.2 Sand purification 
Coarse sand will be purified according to the method of 
Hewitt (1966) described briefly here. Sand will be washed with 
tap water and left for 24 h in 18^ hydrochloric acid. It will then 
be thoroughly leached using tap water, allowed to percolate upwards 
by means of a glass tube which is led to the bottom of the container 
and moved around. It will facilitate the removal of fine particles. 
Final washing will be done with deraineralised water before transferr-
ing the sand to pots, 
3.3 Preparation of pots 
The inner walls of earthen pots of appropriate size will 
be lined with polythene sleeves, whose lower end will be passed out 
through the bottom hole of the pot and twisted loosely in order to 
ensure drainage and aeration. Each pot will be filled with suffi-
cient acid-washed sand depending on its size and placed on raised 
marbelled slabs in glasshouse. 
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3.4 Experiment 1 
This experiment will be conducted in two steps, partly 
under controlled conditions in an incubator at 20+2°C. 
(a) Dry, surface-sterilised (p.35) and healthy grains of 
both the cultivars will be analysed for their vitamin B^, protein 
and carbohydrate reserves. 
(b) Similar looking seeds will be soaked in water (control) 
or graded aqueous pyridoxine hydrochloride solution for 8 h and 
12 h in sterilised petriplates. Each treatment will be replicated 
five times. The treatments shall consist of: 
Treatment Per cent pyridoxine solution 
TQ 0.00 
T^  0.001 
T2 0.01 
T3 OJ 
These soaked seeds will be allowed to germinate in 
sterilised petriplates containing acid-washed sand and analysed 
for the following characteristics^at an interval of 6 h upto the 
emergence of radicle. 
(1) Soluble and insoluble carbohydrate content 
(2) Soluble and insoluble protein content 
(3) Pyridoxine content 
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(4) Peroxidase activity 
(5) Catalase activity 
(6) cuAmylase activity 
(7) Content of total auxin-like substances 
3.5 Experiment 2 
Surface sterilised, healthy seeds of uniform size of 
the two cultivars will be soaked in water or in each of graded 
pyridoxine hydrochloride solution (Experiment 1) for appropriate 
duration established in Experiment 1, in sterilised'petriplates 
in the second week of Novembero 
Six seeds will be sown in each pot at a depth of 1 cm. 
Thinning will be done after the emergence of the seedling leaving 
-1 
only three vigorously growing healthy plants pot . Each pot will 
be provided with 100 ml of complete nutrient solution (Hewitt, 
1966) every day in the morning (Table 1,b)o However, the quantity 
will be increased when required to 250 ml with the advancement of 
plant growth. From day 5 to 15 at an interval of 48 h, the plants 
will be analysed for the following growth characteristics (Section 
3.9o1 ). Simultaneously biochemiical analysis will be undertaken to 
determine the following: 
(1) Soluble and insoluble carbohydrate content 
(2) Soluble and insoluble protein content ,.-• iti'rVM?5=a!s».^  
(3) Pyridoxine content /^V>-'' ^ N"^ ^ 
(4) Peroxidase activity I*/ "TN^ \\C./J. ^^d 
t'^ffu'- • - - - -r-^^"^' 
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(5) Catalase activity 
(6) Nitrate reductase activity (NRA) 
(7) Chlorophyll content 
(8) N, P and K content 
3.6 Experiment 3 
Seeds will be soaked for 8 h and 12 h^scheme of the 
treatment will be the same as in Experiment 1 and allov'^ ed to 
germinate in 15 cm (diameter) pots filled with sand and provided 
with 250 ml of full nutrient solution once a day,, Three plants 
per pot will be left after thinning so as to ensure proper space 
for root and shoot growth. Four samplings will be done from day 
15 to 30 at an interval of 5 days to study root and shoot grovi/th 
characteristics (Section 3.9,1). These samples will also be 
chemically analysed for: 
(1 
(2 
(3 
(4 
(5 
(6 
(7 
(8 
Soluble and insoluble carbohydrate content 
Soluble and insoluble protein content 
Pyridoxine content 
peroxidase activity 
Catalase activity 
Nitrate reductase activity (NRA) 
Chlorophyll content 
N, P and K content 
Each treatment will be replicated five times. 
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3.7 Experiment 4 
This sand culture experiment will be conducted to study 
the effect of pre-sowing seed treatment with pyridoxine hydro-
chloride solution for 8 h,on biological yield. Scheme of the 
treatments will be the same as in Experiment 1. 
Six treated seeds.will be sown in each 25 cm (diameter) 
pot. Of the emerging seedlings only four will be allowed to grow 
up to maturity. Each pot in the beginning will be given 250 ml of 
the full nutrient solution (Table 1,b) in the morning; but an 
additional 250 ml of the solution (and of water only if required) 
will be provided later in the day as the plants matureo Growth 
parameters will be studied at tillering,heading and milky grain 
stages and yield parameters at harvest. Each treatment will be 
replicated five times. 
3.8 Nutrient solution 
Stock solutions of the required essential macro- and 
micro-nutrients will be prepared according to Hewitt (1966). These 
Table 1 (a) will then be diluted for watering the plants as per 
Table 1 (b). 
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Table 1 (a) Concentration of the standard stock solution. 
Macro-nutrients Percentage 
Ca(N03)2 (anhydrous) 32.8 
KNO3 20o2 
MgSO^oTH^O 18.4 
NaH2P04.2H20 20o8 
Ferric-citrate 5.98 
(FeC^H^0y.3H20) 
Micro-nutrients 
MnS0^.4H20 2.230 
CuSO^.SH^O 0,250 
ZnS04.7H20 0.290 
H3BO3 1.860 
(NH4)^oM07024.4H20 O0O88 
(b) Nutrient solution used. 
Standard stock solution Volume one litre of 
nutrient solution (ml) 
Ca(N02)2 (anhydrous) 
KNO3 
MgSO^.TH^O 
Na.H2P04o2H20 
Ferric-citrate 
Micro-nutrients 
2.0 
2 .0 
2 .0 
1.0 
0,5 
O0I 
De-ionised water 992.4 
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3.9 Sampling technique 
In Experiments 2 and 3, polythene sleeves with sand 
anchoring the entire plants will be taken out of the pots and 
dipped in buckets filled with water in order to get intact root 
system. The plants will then be washed in running water to remove 
adhering sand particles. Root will be separated from shoots to 
study their growth characteristics, 
3,9,1 Growth characteristics 
The following parameters which are related to basic 
physiological processes at different growth stages (Gregory,1937) 
are proposed to be studied at selected stages: 
(ot) Shoot 
.-1 (1 
(2 
(3 
(4 
(5 
(6 
Height plant 
~1 
Leaf number plant 
_1 
Leaf area plant 
— 1 Fresh weight plant 
Dry weight plant 
Net assimilation rate (NAR) 
These parameters are expected to reflect directly photo-
synthetic efficiency, rate of differentiation and accumulation of 
metabolic products. 
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(b) Root 
(1) Number plant 
(2) Mean length plant" 
1 
(3) Fresh weight plant" 
1 
(4) Dry weight plant" 
These characteristics are expected to indicate differen-
tiation and the soil exploration capacities of the plants specifi-
cally in terms of nutrient removalo 
3.9,2 Yield characteristics 
The plants in Experiment 4 will be harvested at maturity 
and studied for the following characteristics: 
• 1 (1 
(2 
(3 
(4 
(5 
(5 
Number of ears plant 
1 Length ear" (cm) 
-1 Number of spikelets ear 
-1 
Number of seeds ear 
1,000 seed weight (g) 
Seed yield (kg pot" ) 
3.10 Chemical analysis 
The following parameters have been selected for the 
chemical analysis of the experimental material as most of them are 
known to be directly affected by pyridoxal phosphate, the active 
form of pyridoxine. It acts as a co-enzyme in; (i) the synthesis 
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of indoleacetic acid (Moore and Shaner, 1967); (ii) the formation 
of ^-aminolevulinic acid synthetase (Kikuchi _ei ad., 1958), 
envolved in chlorophyll synthesis (Devlin, 1981) and (iii) as an 
effective stimulator of photosynthetic electron transport (Black 
and San Pietro, 1968). In turn, a definite quantitative relation-
ship exists between chlorophyll content and catalase (David, 1952), 
indoleacetic acid and peroxidase activity (Balasiraha and Tewari, 
1979). However, NR level is expected to indicate the rate of 
nitrate reduction as it is normally a rate limiting step in the 
conversion of NO^ to organic nitrogen (Beevers and Hageman,1969). 
3.10.1 Pyridoxine estimation 
Colorimetric method of Hochberg et al, (1944a,b) will be 
followed for the estimation of pyridoxine. 
3.10.1.1 Preparation of test extract 
One gram powder of plant material will be weighed and 
transferred to a calibrated centrifuge tube. 10 ml of 4 N hydro-
chloric acid will be added to it. A glass rod will be inserted 
for mixing and pH adjustment. The test tube will be placed in a 
water bath for an hour at 90-95°C. The contents of the tube will 
be stirred occasionally to hydrolyse the bound pyridoxine. The 
solution will be cooled to room temperature and its pH will be 
adjusted to 3, with an outside indicator, the final adjustment 
being made with 1 N sodium hydroxide or hydrochloric acid solution. 
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To this will be added 3 ml of phosphate buffer followed with 2o5 g 
of Fuller's earth (Lloyd's reagent). The tube will then be 
stoppered and shaken occasionally for five min. The suspension 
will be centrifuged and the supernatant will be discarded. Residue 
will be washed once with 15 ml of acidulated water, 5 ml of 2 N 
sodium hydroxide solution will be added to the residue and the 
final volume will be made up-to 20 ml with distilled water. The 
suspension will be dispersed for a period of 3 min by frequent 
inversion of the tube and centrifuged. 10 ml of the elute will be 
taken in another test tube and mixed with 50 ml of isopropanol and 
centrifuged. The clear supernatant will be decanted and pH will be 
adjusted to 5-7 with an outside indicator, using only a few drops 
of 12 N hydrochloric acid. 
3.10o1o2 Colour development 
The test tubes will be set in the following order: 
Tube No.1 
6 ml of test extract + 2 ml of ammonia-ammonium chloride 
solution + 1 ml of boric acid solution (5^ )<, 
Tube No.2 
6 ml of test extract + 2 ml of ammonia-ammonium chloride 
solution + 1 ml watero 
: 45 : 
Tube Noo3 
6 ml of test extract + 2 ml of ammonia-ammonium chloride 
solution + 1 ml of standard pyridoxine solution (10 AJg)o 
In all these above test tubes, 1 ml of 2,6-dichloroquinone 
chloroiraide will be addedo The colour of the solution will become 
blue. Colorimeter will be adjusted for 100% transmittance at 620 nm 
just after 60 sec of the addition of 2,6-dichloroquinone chloroimide 
reagent with Tube No^l, The pyridoxine content will be calculated 
by putting the values in the following formula: 
h, 10 m 60 ml 18.5 1 . . 3 , . . . -1 
—-— x -—-^ X --——r X —rf— x 77- x 10 = n mol pyridoxine g L2-L2 6 ml 10 ml Wg 169 ^ 
where, 
L2 represents optical density due to pyridoxine in test-extract 
(6 ml), in Tube No.2 
L^-L2 represents increase in optical density due to the added 
pyridoxine (lOjjg) in Tube Noo3 
Wg represents weight of the plant sample, 
and - ' ^—^^— stands for dilution factor 
3.10o2 Estimation of nitrate reductase activity 
Nitrate reductase (E.G. 1.6.6,1) activity (NRA) in the 
: 46 : 
leaves will be estimated according to the method of Jaworski (1971 )o 
Leaves will be cut into small pieces of which 500 mg will be weighed 
and placed in polythene vials. 2,5 ml of phosphate buffer, 0o5 ml of 
0o2 M potassium nitrate solution and 2.5 ml of 5% isopropanol will 
be added. At least 2 drops of chloramphenicol will also be added to 
check bacterial growth in the test mediumo These vials will be 
incubated for 24 h at 30°C in the dark, 
3.10.2.1 Colour development 
In a test tube, Oo4 ml of test extract and 0o3 ml each of 
sulphanilamide and nephthyl ethylene diamine di-hydrochloric acid 
(NED-HCI) will be taken, A pink colour will develop. The set will 
be left for 20 min for maximum colour development after which it 
will be diluted up-to 5,ml with double distilled water and read at 
540 nm using "Spectronic-20" colorimeter. It will be calibrated 
for 100% transmittance by using a blank consisting of 4.4 ml water 
and OsS ml each of sulphanilamide and NED-HClo 
Potassium nitrate in graded concentrations will be used 
for plotting standard curve. Optical density of the test extract 
will be compared with the help of the calibrated curve and nitrate 
- -1 
reductase activity will be calculated in terms of n mole NO2 g 
F.W. h"'', 
3,10.3 Catalase and peroxidase activity 
Catalase (E.G. 1.11.1.6) and peroxidase (E.G. 1.11.1.7) 
activity will be determined by using the method of Chance and Maehly 
(1955). 
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3.10.3o1 Extraction 
200 mg of the sample will be homogenised in 10 ml of 
Oo1 M phosphate buffer, pH 6.8 and divided equally into two portions 
of 5 ml each. One of these will be centrifuged at 2 C for 15 min at 
17,000 X g. The clear supernatant will be taken as the enzyme 
sourceo 
3.10.3.2 Catalase assay 
5 ml of the assay mixture for the catalase activity will 
contain 300 JJ moles of phosphate buffer, pH 6.8, 100 ;J moles of H2O2 
and 1 ml of the enzyme extract diluted two times. The test tube 
will be incubated at 25 C for 1 min. The reaction will then be 
stopped by the addition of 10 ml of 2?^  ^ ^^4 ^v/v) and the residual 
H2O2 will be titrated against O0OI N KMNO^ until faint purple colour 
persists for at least 15 seco 
A control, in which the enzyme activity will be stopped 
at 'zero' time, will also be run simultaneouslyo One unit of 
catalase activity is defined as that amount of enzyme which breaks 
1 M mole of H2O2 per min under the assay conditions. 
3.10.3.3 Peroxidase assay 
5 ml of the assay mixture for the peroxidase activity will 
contain 125 ju moles of Oo 1 M phosphate buffer, pH 6.8, 50 ;j moles of 
pyrogallol, 50 JJ moles of H^O^, and 1 ml of the enzyme extract 
diluted 20 times. It will be incubated at 25°C for 5 min after which 
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The amount of puxpurogallin formed will be determined by noting 
the absorbance at 420 nm. A calibrated standard curve will be 
plotted by taking graded concentrations of pure purpurogallin, 
3.10.4 a-Amylase activity 
(x-Amylase (E.G. 3,2.1.1) activity will be determined by 
the method of Jones and Varner (1967)o 
3.10,4,1 Extraction and estimation 
Seeds of triticale will be surface-sterilised by ^% 
sodium hypochlorite solution, followed by three washings in sterile 
water. These seeds will be germinated at 20 + 2 C for 48 h in 
sterilised petridishes containing distilled watero The germinated 
seeds will be homogenised in 2 ml solution containing 2 jd moles of 
acetate buffer, pH 4.8, and 20 u moles of calcium chloride. The 
solution will be transferred to a centrifuge tube with repeated 
washings with distilled water so that the final volume may become 
5 ml and will be centrifuged for 10 min at 2,000 x g. 
The assay for a-amylase will be accomplished by using 
suitable volumes (0.02-0o2 ml) of the supernatant fraction of the 
medium together with sufficient water to make a total volume of 
loO ml. To this will be added 1.0 ml of starch substrate to start 
the reaction. It will be allowed to continue for a suitable period 
(1-10 min). The reaction will be stopped by the addition of 1 ml of 
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iodine reagento To this reaction mixture, 5 ml of distilled water 
will be added, and the optical density read at 620 nm. 
As the starch will break down by the addition of 
a-amylase, it will cause a decrease in optical density. This 
decrease will be directly proportional to the amount of a-amylase 
in the reaction mixture. The activity of the enzyme aliquot and the 
time of reaction will be adjusted so that the optical density of 
starch-iodine complex will be about half the optical density of zero 
time control. Optical density values will be converted to micrograms 
ofa-amylase released using a factor which will be obtained for each 
particular starch sample by incubating with a pure a-amylase prepa-
ration. It will be indicative of the time required to break down 
starch-iodine complex completely. 
A OoD X Tv X C . F . jug a-amylase = — — where, 
t X v 
A O . D . = O.D, of 'zero' time control - O.D. of sample 
Tv = Volume of supernatant 
C.F. = Conversion factor for starch sample 
t = Time required for incubation with starch 
V = Volume of supernatant taken for incubation 
3.10.5 Estimation of auxin-like substances 
This will be done by using the split pea-stem curvature 
test. 
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3.l0o5.1 Standard auxin solution 
20 mg of indole-3-acetic acid will be dissolved in 2 ml 
of Ool N sodium hydroxide in a 100 ml volumetric flasko To this 
will be added about 80 ml of water and the pH neutralised with Oo1 N 
hydrochloric acido The volume will finally be made up-to 100 ml 
with water.. Graded concentrations of this standard solution will 
be used to plot a standard curve. 
3.10.5.1.1 Split pea-stem curvature test 
This test will be conducted according to the method of 
Kent and Gorther (1951)o 
3.1005.1.2 Raising of seedlings 
Surface sterilised pea seeds (po35) will be soaked in 
water for 4-6 h to ensure seed viability. The seedlings will be 
raised in acid-washed sand in plastic trays and placed in an 
incubator at 27 + 2°C in continuous dark. Complete nutrient solu-
tion (Table 1,b)"will be given to the seedlings. Blue-green light 
will be used during inspection. From the seventh day onwards, red 
light exposure for 20-40 min will be given daily. Harvesting will 
be done in red light when the 4th internode is about 5 mm long. The 
stem will be spiittedby making a longitudinal cut through the upper 
part of the internode just below the first bud. 
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3.10.5.1.3 Extraction 
Auxin-like substances will be extracted from the test 
material according to the method of Sircar and Das (1954)o 
0o75 g of sample material will be ground finely in a 
glass mortar for 3 min with 5 ml of water and an equal quantity of 
specially cleaned sand (washed with alkali, acid, water in the 
order and finally dried). The thoroughly ground material will be 
carefully transferred to a 25 ml pyrex-glass centrifuge tube; the 
residue remaining in the mortar will be transferred to the tube 
by three washings with 10 ml of water. The material will be 
centrifuged at 4,000 rpm for 15 min. The supernatant will be 
transferred to a measuring flask and will be suitably diluted and 
assayed for auxin activity, 
3.10o5»1.4 Measurement of pea curvature 
From the harvested seedlings, 5 to 10 split-stems of 
3.5 cm size each having a 3 cm longitudinal cut, will be placed in 
20 ml of test solution for 24 h in the darkc These split sections 
are expected to show two types of curvatures depending on the 
concentration of the auxin-like substances in the test solutions: 
(a) outward curvature which is regarded as negative angle produced 
at the lower concentrations of auxin, (b) inward curvature which is 
considered as positive angle produced at the higher concentrations 
of auxin. 
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Outward curvature will be measured as the angle (p) 
between the unsplit part of the section and the tangent at the tip 
of the arm. Inward curvature will be measured as the angle {cc) 
between the tangent at the extreme tip and at the point of inflec-
tion of the lower part of the arm. 
Relative auxin-like substances will be estimated with the 
help of the calibrated curve, plotted by using graded concentrations 
of indole-3-acetic acid. 
3.10.6 Estimation of chlorophyll pigments 
Total chlorophyll pigments will be estimated according 
to the method of Mackinney (1941). 
1 g of the fresh leaf material will be ground in a 
mortar and pestle in the presence of sufficient amount of 80% 
acetone. The extract will be filtered and supernatant collected. 
Residue will be washed repeatedly and the washings added to the 
superntant. Final volume (100 ml) of the extract will be made up 
with 80^ acetone. Per cent transmittance of this extracted solution 
will be' read at 663 nra, 652 nm and 645 nm on a Bausch and Lomb 
''Spectronic-20" colorimeter. Values of optical densities will be 
substituted in the formula given below: 
Total chlorophyll mg/g,= 20o2 (D 645) + 8.02 (D 663) x 
1000 x W 
where, V = Volume of the solution in ml 
W = Weight of the leaves in g, and 20.2 and 8o02 = dilution 
factors 
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3.10,7 Estimation of carbohydrates 
Carbohydrate content of the plant material will be 
estimated as follows. 
3.l0.7ol Preparation of powder 
The biological samples will be dried overnight in an oven 
run at 80 C. Each sample will be ground to a fine powder in an 
electric grinder and passed through 72 mesh screen. 
3.10.7.2 Extraction and estimation 
The carbohydrates will be extracted by the method of Yih 
and Clark (1965) and estimated following the method of Dubois et. al. 
(1956). 
Sufficient am.ount of powder will be sprayed in a thin 
layer on a clean sheet of paper and dried overnight in an oven 
running at 80 C. These dried samples will be cooled in a dessicator 
for about 10 min before weighing. 
50 mg of each sample will be weighed and transferred to 
a 20 ml glass centrifuge tube. To each tube will be added 5 ml of 
1.5 N sulphuric acid. Digestion of the powder will be completed by 
keeping the tube in a water bath for 2 h at 90-95°C. The digested 
sample will be centrifuged at 4,000 rpm and the supernatant collected 
in a 25 ml volumetric flask with two washings and the final volume 
made up with water. 1 ml of this extract will be diluted as required 
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depending upon the plant organ being analysed. 1 ml of this 
diluted sample will be taken in a test tube. To this will be added 
1 ml of water and 1 ml of b% aqueous phenol solution. The test tube 
will be placed in a beaker containing chilled water and 5 ml of 
concentrated sulphuric acid will be pipetted quickly into it. After 
half an hour, the pink coloured solution will be transferred to a 
colorimetric tube and the transmittance noted at 490 nm on a Bausch 
and Lomb "Spectronic-20" colorimetero A blank will be run 
simultaneously with each set of sample. 
The reading of each sample will be compared with a 
calibration curve, obtained by using known dilutions of a standard 
aqueous glucose solutiono 
3J0o8 Estimation of protein 
50 mg of the fresh plant material will be transferred to 
a'mortar. To this, 1 ml of trichloroacetic acid (5%) will be added. 
The material will be ground well and transferred to a centrifuge 
tube with repeated washings and the volume made up.to 5 ml with 
trichloroacetic acid and left for about 1 h to allow the complete 
precipitation of proteins,and then the ground material will be 
centrifuged at 4,000 rpm for 15 min and the supernatant will be 
discarded. 5 ml of 1 N sodium hydroxide will be added to the 
residue and mixed well by shaking. It will be left for an h in a 
water bath at 60 C so as to dissolve the precipitated proteins 
completely. After cooling for 15 min, the mixture will be centri-
fuged at 4,000 rpm for 15 min and the supernatant, containing 
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protein fractions, will be collected. It will be diluted to an 
appropriate quantity with water. From this aliquot, 1 ml will be 
taken in a test tube for protein estimation following the method 
of Lowry ejt aJ^ . (1951 )o 
3.10,8,1 Colour development 
To 1 ml of collected protein fraction, 5 ml of reagent D 
\ 
(p.viii of Appendix) will be added and left for 10 min, after which 
0,5 ml of Folin's reagent (p.viii of Appendix) will be added and 
left for half an hour for the development of full colour. The 
optical density of the samples will be noted at 660 nm on 
"Spectronic-.20" colorimeter, A blank will be run simultaneously 
with every set of sample. The reading of each sample will be 
compared with a calibration curve, obtained by using known dilutions 
of a standard egg albumen solution, 
3.10.9 Estimation of N, P and K content 
The N, P and K content of the plants will be determined 
by following standard methods given below 
3.10.9o1 Digestion of the sample 
Each sample will be dried in an oven at 80^C for 24 h. 
These dried samples will be powdered and passed through a 70 mesh 
screen. The powder will be spread on a clean sheet of paper and 
left overnight in an oven at 80°G, 100 mg of this powder will be 
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carefully transferred to a 100 ml Kjeldhl flask, and 2 ml of pure 
sulphuric acid will be addedo 
Digestion will be continued for about 2 h to allow 
complete reduction of nitrates present in the plant material. The 
flasks will be cooled, followed by dropwise addition of Oo5 ml of 
chemically pure hydrogen peroxide (30^), . The solution will be 
heated for about 30 min till its colour changes from black to light 
yellov/. The flask will be cooled for 10 min and additional amount 
of 3-4 drops of hydrogen peroxide (30?^ ) will be added, followed 
with gentle heating for another 15 min to get a clear and colourless 
extract. At this stage excess addition of hydrogen peroxide will be 
avoided as it would oxidise ammonia in the absence of organic matter. 
Digested material will be transferred to 100 ml volumetric flask 
with 4 washings and the volume will be made up with water. 
Appropriate aliquots will be used to estimate its nitrogen, 
phosphorus and potassium contents. 
3.10.902 Colour development for estimation of N and P 
Different methods will be used for the estimation of the 
two nutrients. These are briefly described below„ 
3.10.903 Nitrogen 
The following method of Lindner (1944) will be folowed, 
wherein 10 ml aliquot of the diluted peroxide digested material 
will be taken in a 50 ml volumetric flask and the excess of the acid 
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neutralised by 2 ml of 2.5 N sodium hydroxide, 1 ml of 10 per cent 
sodium silicate will be added to prevent turbidity and the volume 
will be made up with water. A 5 ml aliquot of this solution will 
be taken in a 10 ml graduated test tube and Oo5 ml of Nessler's 
reagent (p.vi of Appendix) will be added dropwise, mixing it 
thoroughly after each additiono Water will finally be used to make 
the volume up-to 10 ml and the flask allowed to stand for about 
5 min for maximum colour development. 
The solution will be transferred to a colorimetric tube 
and the transmittance will be noted at 525 nm. A blank will run 
with each set. A calibration curve will be obtained by using known 
dilutions of a standard ammonium sulphate solution, 
3.10.9o4 Phosphorus 
Phosphorus will be estimated according to the method of 
Fiske and Subba Row (1925). 5 ml aliquot of the peroxide digested 
material will be taken in a 10 ml graduated tube, to which 1 ml of 
molybdic acid (2o5 per cent) will be carefully added, followed by 
0,4 ml of 1-amino-2-naphthol-4-sulphonic acid. The contents will 
turn blue. Distilled water will be added to make the final volume 
to 10 ml. The solution will be shaken well and allowed to stand 
for about 5 min, after which it will be transferred to a colorimetric 
tube and read at 620 nmc A standard curve will be plotted by using 
known concentrations of monobasic potassium phosphate solution. 
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3.10,10 Potassium 
Flame photometer will be used for potassium estimation. 
A 1 ml aliquot will be suitably diluted with water. A blank will 
be run side by side which will have only distilled water. Readings 
will be taken at 740 nm (using filter for potassium) and compared 
with a standard curve which will be plotted by using graded 
concentrations of potassium sulphate solution. 
3.11 Statistical analysis 
The experimental data will be statistically analysed by 
adopting analysis of variance technique according to the design of 
experiment chosen (Panse and Sukhatme, 1965). Error due to 
replicate will be determined by applying 'F' test ; CD. will be 
calculated out if 'F' value will be found significant up-to5 per cent 
of probability level. '^Correlation between various parameters will 
be derived out accordinglyo 
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A P P E N D I X 
A P P E N ' D I X 
Procedures for the preparation-of reagents to be used 
for bio-chemical analysis are as follows: 
1. Reagents for estimation of pyridoxine 
1.1 Chloroimide reagent 
100 mg crystalline 2,6-dichloroquinone chloroimide will 
be dissolved in sufficient isopropanol and the volume made up-to 
250 ml. The solution will be stored in a glass stoppered bottle, 
which will be kept in a refrigerator. It will be discarded if pink 
colour develops. 
1.2 Ammonia-ammonium chloride solution 
160 g ammonium chloride will be dissolved in 700 ml 
distilled water to which 160 ml (approximately 21%) ammonia water 
will be added. This solution will be diluted to 1,000 ml. 
1.3 Boric acid solution (5^) 
5 g boric acid will be dissolved in distilled water and 
the final volume will be made up-to 100 ml. 
11 : 
1.4 Pyridoxine hydrochloride solution (0.01%) 
100 mg pyridoxine hydrochloride will be dissolved in 
sufficient distilled water inorder-to make the final volume up-to 
1,000 ml. The solution will be stored in a refrigerator in an 
amber coloured bottle. 
1.5 Buffer solution (pH 3) 
73 g sodium phosphate dihydrate and 167 g citric acid 
will be dissolved in sufficient distilled water and the volume 
made up-to 1,000 mlo 
1.6 Hydrochloric acid (4N) 
87.33 ml of pure hydrochloric acid will be added to 
distilled water and final volume will be made up-to 100 ml, 
1.7 Sodium hydroxide (IN) 
10 g NaOH will be dissolved in distilled water and the 
final volume made up-to 250 ml. 
2. Reagents for nitrate reductase activity (NRA) 
2.1 Phosphate buffer (pH 7.5) 
(a) 13.6 g potassium dihydrogen orthophosphate (KH2PO.) will 
be dissolved in sufficient distilled water to make the final volume 
up-to 1,000 ml. This will give 0.2M solution. 
Ill 
(b) 17,42 g di-potassium monohydrogen orthophosphate (K2HP0>) 
will be dissolved in distilled water and the final volume made 
up-to 1,000 ml. This will give 0.2iM solution. 
(c) 160 ml of solution (a) and 840 ml of solution (b) will 
be mixed inorder to get the required pH 7o5 „ 
2.2 Potassium nitrate (0o2M) 
2.02 g potassiam n i t r a t e wi l l be dissolved in enough 
d i s t i l l e d water and the f ina l volume made up-to 100 mlo 
2.3 Isopropanol solution (5^) 
5 ml isopropanol v;ill be added to 95 ml distilled water, 
2o4 Sulphanilamide solution (1%) 
1 g sulphanilamide powder will be'dissolved in 100 ml 3N 
hydrochloric acid, 
2,4,1 Hydrochloric acid (SN) 
26,2 ml pure hydrochloric acid will be added to distilled 
water and the final volume made up-to 100 ml. 
2.5 Nephthyl ethylene diamine di-hydrochloric acid^i.e. NED-HCl 
(0o02^) 
20 mg N-1-(nephthyl)-ethylene diamine di-hydrochloric 
I V 
acid w i l l be d i sso lved i n enough d i s t i l l e d water and the volume 
made up- to 100 ml, 
3, Reagents for catalase and peroxidase activity, 
3.1 Phosphate buffer (pH 6.8) 
Stock solutions of KH2P0^ and K^HPO^ will be prepared as 
given in the method for NRA assay (poii of Appendix). 
49 ml K2HPO4 solution (Oo2M) will be mixed with 51 ml 
KH2P0^ solution (Oo2M). Final volume (200 ml) will be made with 
distilled water, 
3.2 Sulphuric acid (5%) 
5 ml cone, sulphuric acid will be carefully added to 
95 ml distilled watero 
4, Reagents forg-amylase activity 
4.1 Preparation of starch substrate 
150 mg starch, 600 mg KH2PO4 and 2 x 10"^ g calcium 
chloride will be added to sufficient distilled water so as to get 
a total volume of 100 ml solution. This will be boiled for 1 min, 
cooled and centrifuged at 3,000 x g for 10 min. The clear superna-
tant will be used for the assay. 
: V : 
4.2 Iodine reagent 
6 g potassium iodide and 600 mg iodine will be dissolved 
in distilled water and volume made up-to 100 mlo 1 ml of this 
solution will be added to 0o5N hydrochloric acid to give final 
volume of 100 mlo 
4.3 Acetate buffer (pH 4.8) 
Stock solutions (a) and (b) will be prepared and mixed 
in the ratio given below: 
(a) 11.55 ml acetic acid will be added to distilled water 
and diluted to 1,000 ml. The resulting solution will contain 0o2M 
acetic acid, 
(b) 27,22 g sodium acetate will be dissolved in distilled 
water and the final volume will be made up-to 1,000 ml. This will 
give 0o2M sodium acetate solution, 
(c) 41 ml acetic acid solution (a) and 59 ml sodium acetate 
solution (b) will be mixed together inorder to get a buffer of 
pH 4.8. 
5, Estimation of auxin-like substances 
5,1 Sodium hydroxide solution (IN) 
This will be prepared as mentioned under pyridoxine 
estimation (p.ii of Appendix). 
VI 
5.2 Hydrochloric acid (IN) 
8o73 ml hydrochloric acid will be mixed in distilled 
water to make the final volume up-to 100 mlo 
6, Reagents for carbohydrates estimation 
•^'' Sulphuric acid (1,5N) 
10o21 ml pure sulphuric acid will be added to distilled 
water and final volume will be made up-to 250 mlo 
6.2 Phenol (5^) 
5 ml phenol will be mixed with 95 ml distilled water, 
6.2.1 Ethanol (80%) 
80 ml absolute ethanol will be added to 20 ml distilled 
water. 
7. Reagents for N, P and K determination 
7.1 Nessler's reagent 
(a) 3.5 g potassium iodide will be dissolved in 100 ml 
distilled water to which 4% mercuric chloride solution will be 
mixed with continued stirring till a slight red precipitate 
remained,about 325 ml of the solution will be required. 
VI1 : 
(b) 120 g of sodium hydroxide will be dissolved in water 
and the final volume made up-to 250 ml. 
(c) Solution (a) and (b) will be mixed together and the 
final volume made up-to 1,000 mlo This solution will be stored 
in an amber coloured bottle in a refrigerator. 
7,,2 Molybdic acid reagent (2.5%) 
6.25 ammonium molybdate will be dissolved in 75 ml 
IONH2SO.. To this solution, 175 ml distilled water will be added 
inorder to get 250 ml of the above reagent. 
7o2.1 Sulphuric acid (ION) 
27.2 ml sulphuric acid will be added carefully to 
distilled water and final volume made up-to 100 ml, 
7o3 Aminonaphthol sulphonic acid 
0o5 g 1-amino-2-naphthol-4-sulphonic acid will be 
dissolved in 195 ml of 1 S/'o sodium bisulphite solution to which 
5 ml of 20% sodium sulphite solution will be added. The above 
solution will be stored in a dark coloured bottle in a refrigerator, 
8. Reagents for protein estimation 
8.1 Reagent A 
2% sodium carbonate v/ill be mixed with O0IN sodium 
hydroxide (1:1). 
: viii : 
8.2 Reagent B 
Oo^ copper sulphate will be added to 1^  sodium tartarate 
(1:i)o 
^"•^ Reagent C (alkaline copper sulphate solution) 
It will be prepared by mixing 50 ml reagent A with 1 ml 
reagent Bo 
8o4 Reagent D (carbonate-copper sulphate solution) 
Same as Reagent C, except for omission of sodium hydroxide, 
8.5 Folin's reagent (1N) 
100 g sodium tungstate and 25 g sodium molybdate will be 
dissolved in 700 ml distilled water in which 50 ml of 8b% phosphoric 
acid and 100 ml cone, hydrochloric acid will be mixed. The flask 
will be connected with a reflux condenser and boiled gently on a 
heating mantle for 10 h. At the end of the boiling period, 150 g 
litnium sulphate, 50 ml water and 3-4 drops of liquid bromine will 
be added to this flask. The reflux will be removed and the solution 
in the flask will be boiled for 15 min, inorder to remove excess 
bronine, cooled and diluted to 1,000 ml. 
The strength of this acidic solution will be tested by 
treating it with IN sodium hydroxide using phenolphthalein as an 
indicator. 
